Initial evidence that RyRs were expressed in adult mouse testis was obtained by RNAse protection analysis and by in situ hybridisation, which revealed that both RyR1 and RyR3 were present in regions of the seminiferous epithelium enriched in spermatocytes and spermatids (Giannini et al., 1995) . In addition, immunocytochemical studies confirmed RyR1 and RyR3 presence in spermatocytes and early spermatids, whereas in mature spermatozoa only RyR3 was revealed (Trevino et al., 1998) . In mouse and bull spermatozoa no RyR expression was detected using anti-RyR antibodies or BODIPY FL-x ryanodine (Ho and Suarez, 2001) . However, functional responses to caffeine and ryanodine have never been demonstrated in male germ cells even though they were responsive to Ins(1,4,5)P3 (Walensky and Snyder, 1995) .
In this manuscript we report experiments aimed at verifying RyR expression in total testis and in purified populations of germ cells at various stages of differentiation from spermatogonia to spermatozoa. In addition we investigated whether caffeine, an agonist of RyR channel activity, was effective in activating Ca 2+ release from internal compartments in male germ cell preparations. Finally, to verify a possible functional role of RyR in the mitotic phase of spermatogenesis, we used in vitro cultures of immature mouse testis to study the effects of RyR inhibition with high doses of ryanodine. Our results demonstrate that RyRs are expressed in male germ cells where they can be activated by caffeine and that a high ryanodine concentration can affect spermatogonial proliferation and differentiation.
Materials and Methods
Animals CD1 mice were used in all experiments. Animals were housed in accordance with guidelines for animal care of University of Rome 'La Sapienza' and were sacrificed by cervical dislocation. Tissues were taken away and immediately used or frozen in liquid nitrogen and stored at -80°C for further analysis.
Cell preparations
Pachytene spermatocytes and round spermatids were obtained from 30-day-old mouse testis as previously described (Boitani et al., 1980) . The cell suspension obtained following enzymatic digestion of testicular tissue was fractionated by velocity sedimentation at unit gravity on 0.5-3% albumin gradient (Staput method). Identity and purity of isolated cell types were assessed by both flow cytometry and microscopy analysis. Cells were washed twice with phosphate buffered saline (PBS) and then processed as needed.
Highly purified type A spermatogonia were obtained from 7-dayold mouse testis as previously described (Morena et al., 1996) . Briefly, the cell suspension obtained following enzymatic digestion of testicular tissue was plated for 1 hour on plastic dishes coated with Datura stramonium agglutinin (DSA) (Sigma). Cells non-adhering to the lectin were fractionated on a discontinous percoll density gradient (Pharmacia Biotech, Milan, Italy), giving a cell fraction containing at least 85% type A spermatogonia.
Epididymal spermatozoa were collected from adult mice by squeezing the cauda epididymides in PBS. Cells were centrifuged at 1000 g for 15 minutes and washed twice in PBS.
Sertoli cells were isolated from 7-day-old mice as described previously (Scarpino et al., 1998) . After three days in culture at 32°C, Sertoli cells were washed with medium and stored at -80°C or treated with ovine follicle stimulating hormone (FSH) (20 ng/ml) to evaluate cAMP production into the medium, as measured by enzymeimmunoassay (Amersham, Bucks, UK).
Organ culture
In vitro organ culture of 7-day-old mouse testis was performed as previously described (Boitani et al., 1993) . Briefly, testicular tissue was cut into approximately 1 mm fragments and arranged on steel grids that had been previously coated with 2% agar. Grids were then placed in organ culture dishes (Falcon) with medium wetting the lower surface of the grid. Ovine FSH (o-FSH-17, NIH, Bethesda, MD), ryanodine (Sigma, St Louis, MD) and 8-Bromide-cyclicADP-ribose (8-Br-cADPR) (Sigma) were added to the culture medium at the concentrations indicated in figure legends. Testis fragments were cultured for up 72 hours at 32°C in a humidified atmosphere of 5% CO2 in air. During the last 5 hours of culture, testicular fragments were labelled with 5-bromo-2′-deoxyuridine (BrdU) diluted 1:400 according to cell proliferation kit instructions (Amersham, Bucks, UK). Samples were washed twice, fixed in Bouin's fluid, and processed for light microscopy analysis.
Analysis of germ cell proliferation and differentiation
We cut 5 µm thick serial sections of cultured testicular fragments for immunocytochemical staining. An anti-BrdU monoclonal antibody (diluted 1:10) (Amersham) and an antimouse peroxidase-conjugated secondary antibody (diluted 1:80) (Dako) were used to reveal labelled cells on sections counterstained with carmalum.
Spermatogonia and spermatocytes were identified on the basis of their morphological features. Spermatogonia proliferation was assessed by counting at least 100 tubules containing more than five BrdU-labelled spermatogonia. Spermatogonia progression into meiotic compartment was assessed by counting at least 100 tubules containing more then five meiotic cells so as to determine the tubular differentiation index (TDI), which is defined as the percentage of seminiferous tubules displaying cells undergoing meiosis (Meistrich and van Beek, 1993) .
TUNEL assay
Evaluation of apoptotic cells was performed using in situ cell death detection kit (Boehringer). Histological sections were treated with 15 µg/ml proteinase K in Tris pH 7.5 at room temperature, rinsed with PBS and incubated in 0.3% H2O2 in methanol for 30 minutes. After permeabilization in 0.1% Triton X-100 in sodium citrate, sections were incubated with TUNEL reaction mixture and then with antifluorescein peroxidase-conjugated antibody. Positive control was prepared by adding 1 U/µl DNAse for 10 minutes and negative control was performed by omitting DNAse.
RT-PCR analysis
Total RNA was extracted from tissues or isolated cell populations using the guanidinium thiocyanate-caesium chloride ultracentrifugation method (Chirgwin et al., 1979) . 5 µg of total RNA from tissues and cells were reverse transcribed (RT) with the Superscript II RT (Gibco Brl) in a total reaction volume of 20 µl, according to the manufacturer's instructions. cDNA was amplified using the following sets of primer sequences: RyR1 sense 5′ GAAGGTTCTGGACAAACACGGG 3′ and antisense 5′ TGCTCT-TGTTGTAGAATTTGCGG 3′; RyR2 sense 5′ GAATCAGTGAG-TTACTGGGCATGG 3′ and antisense 5′ CTGGTCTCTGAGTTCT-CCAAAAGC 3′; RyR3 sense 5′ CTTCGCTATCAACTTCATCCTGC 3′ and antisense 5′ TCTTCTACTGGGCTAAAGTCAAGG 3′. These primers amplify a 435 bp region of RyR1, a 635 bp region of RyR2 and a 505 bp region of RyR3 (Fitzsimmons et al., 2000) . Amplification conditions were: 94°C for 45 seconds, 60°C for 1 minute and 72°C for 1.5 minutes, for 36 cycles. Negative controls were performed by omitting the cDNA template from the PCR reactions and by performing a reverse transcription omitting the reverse transcriptase enzyme (RT minus).
Protein extraction and western Blot analysis
Microsomal membranes from testis, heart, skeletal muscle and diaphragm were prepared as previously described (Giannini et al., 1995) . Briefly, tissues were homogenized in a buffer containing 0.32 M sucrose, 5 mM Hepes pH 7.4, 0.1 mM PMSF, 10 µM leupeptin, 10 µM pepstatin A. Microsomal membranes were obtained as a pellet by centrifugation at 100,000 g for 1 hour at 4°C. Spermatozoa were lysed in RIPA buffer pH 7.6 (154 mM NaCl, 1ϫ PBS, 1% Triton X-100, 12 mM NaDOC, 0.2% NaN3, 2% SDS, protease inhibitors cocktail), sonicated 3 minutes and centrifuged for 10 minutes at 10,000 g. Supernatant was stored at -80°C. Protein concentration of the microsomal fraction was determined using the bicinconinic acid assay kit (Pierce).
For western blot analysis, microsomal proteins were resolved on 5% SDS-PAGE and transfered to a nitrocellulose membrane (Hybond C, Amersham). Membranes were probed with antisera specific for each of the three RyR isoforms diluted 1:1000 in blocking buffer. Polyclonal rabbit antisera able to distinguish the three RyRs were developed against purified GST fusion proteins corresponding to the region of low homology situated between the transmembrane domains 4 and 5 (divergent region 1, or D1) of the RyR1, RyR2 and RyR3 proteins, as previously described (Giannini et al., 1995) . These antibodies have been shown not to cross-react with each other (Tarroni et al., 1997) . Antigen detection was performed using an anti-rabbit biotinylated secondary antibody (Zymed) amplifying the signal with streptavidin-biotin-AP system (Biorad). The blotted membranes were processed using the CDP star detection reagent (NEN). For competition experiments 16 µg of the GST-RyR3 fusion protein were incubated with antiserum anti-RyR3 diluted 1:1000 for 3 hours at room temerature before membrane immunoblotting.
Ca 2+ measurements Spermatogonia, spermatocytes, spermatids and a mixed germ cell suspension, immediately after isolation, were incubated for 40 minutes at 32°C in plain culture medium (MEM) or MEM containing 10 mM CaCl2 and subsequentely plated onto glass coverslips precoated with 100 µg/ml poly-L-lysine at a final concentration of 4×10 5 cells per coverslip. After adhesion, cells were incubated in 1.5 ml MEM containing 1 µM Fura 2-AM (Calbiochem) for 1 hour at 32°C, washed for 30 minutes and then treated with caffeine or ryanodine. The fura-2 fluorescence was recorded on a Nikon inverted microscope using 40× objective. Recordings were performed at 340-380 nm excitation wavelenghts. Calibration of the signal was obtained with 5 µM ionomycin, following by recording minimal fluorescence upon addition of 3 mM EGTA and 25 mM Tris-HCl pH 10.5. Ca 2+ concentration was determined by formula: [Ca 2+ ]i=Kd(Fo/Fs)(RRmin/Rmax-R) (Grynkiewicz et al., 1985) . The ability to respond to other Ca 2+ release inducers was assessed by stimulating cells with ATP 100 µM in the absence of CaCl2 preloading treatment.
Statistical analysis
Comparisons of cell numbers between different treatments were performed by ANOVA.
Results

Detection of RyRs in germ cells by western blot and RT-PCR
To characterize the pattern of expression of RyRs in the germinal compartment of the testis, western blot and RT-PCR experiments were performed in whole testis extracts prepared at different ages of development and in purified populations of germ cells at various stages of differentiation. RyR1 was detected in microsomal membranes at all ages during testis development (Fig. 1A) . Among testicular cells its presence was revealed in highly purified spermatogonia, pachytene spermatocytes and round spermatids but not in Sertoli cells (Fig. 1B) . Epididymal spermatozoa were also negative. In adult skeletal muscle (positive control) and in testicular microsomal fractions, RyR1 generally appeared as two bands of different molecular weights, both specific for the receptor, where the lower one corresponds to a degradation product of the upper band. Considering the different amount of microsomal proteins used for skeletal muscle and testicular germ cells, it can be concluded that RyR1 levels in the germinal compartment are considerably low.
To support these data further, we performed RT-PCR analysis of RyR1 in germ cells. RyR1 PCR product was detected in whole testis preparation, in a mixed population of germ cells isolated from 30-day-old testis, and in highly purified spermatogonia (Fig. 1C) . A faint RT-PCR product corresponding to RyR1 was obtained in Sertoli cells, but this is probably due to the presence of contaminating spermatogonial mRNA in these preparations.
Western blot analysis with antibodies specific to RyR2 (A) RyR1 detection in microsomal proteins prepared from adult mouse skeletal muscle (SM) (10 µg), and mouse testis (100 µg) at different ages of postnatal development between 10 and 60 days.
(B) Immunoblot of microsomal proteins prepared from adult mouse skeletal muscle (SM), 60-day-old testis (T60), 10-day-old testis (T10), mixed populations of germ cells (gc), round spermatids (spt), pachytene spermatocytes (spc), highly purified spermatogonia (spg), epididymal spermatozoa (spz), Sertoli cells (SC). 10 µg of proteins were loaded for SM, whereas 100 µg for all other samples. (C) RT-PCR analysis of RyR1 expression in adult skeletal muscle (SM), 60-day-old testis (T60), 7-day-old testis (T7), mixed germ cells (gc), highly purified spermatogonia (spg) and Sertoli cells (SC). Using isoform-specific primers, a single 435 bp product was identified. Lane marked '-' is' the negative control, where cDNA has been omitted in the PCR reaction.
identified a positive band in microsomes prepared from 7-10-day-old testis, but not in microsomes from 20-to 60-day-old mouse testis ( Fig. 2A) . This result was confirmed by RT-PCR analysis because a RyR2 specific fragment was amplified in 7-day-old testis ( Fig. 2B ). RyR2 signal was detected, although to less extent, also in RNA from cells enriched in spermatogonia.
However it was not found in highly purified spermatogonia nor in Sertoli cells, which, together with peritubular smooth muscle cells, represent the main cell components of 7-day-old testis. This suggests that RyR2 detection in 7-day-old testis is more likely due to the presence of peritubular smooth muscle cells, which are known to express this isoform (Barone et al., 2002) and whose frequency in relation to germ cells undergoes a rapid decrease during spermatogenic cell development. Western blot with anti RyR3 antibodies did not detect a specific protein either in adult testis microsomes or in mixed germ cells (Fig. 3A) . A protein of lower molecular weight found in testicular and germinal microsomes in Fig. 3A is not specific because it does not disappear when the immunoblot is probed with anti-RyR3 antibodies that have been pre-incubated with the recombinant GST-RyR3 protein (data not shown). Because the RyR3 protein could not be detected in western blot, we investigated whether germ cells express RyR3 mRNA. RyR3 mRNA was found in RNA prepared from total testis and a mixed population of germ cells enriched in primary spermatocytes and round spermatids suggesting that meiotic and post-meiotic cells, but not spermatogonia, are likely to express RyR3 mRNA (Fig. 3B) . These results are in agreement with previous data (Giannini et al., 1995) .
Caffeine-induced calcium responses in germ cells
To verify whether germinal RyRs were effectively functional in evoking Ca 2+ release from intracellular stores we performed microfluorometric analysis of cytoplasmic Ca 2+ levels in germ cells loaded with Fura 2-AM after stimulation with caffeine, a known agonist of RyR channel. Measurements were carried out on isolated spermatogonia, pachytene spermatocytes and round spermatids immediately after purification. Stimulation with caffeine (10 mM) did not result in any detectable change in Ca 2+ levels in spermatogonia, spermatocytes and spermatids ( Fig. 4A-C) . However, when cells were preincubated for 1 hour in 10 mM CaCl2-containing medium, to increase the Ca 2+ concentration of intracellular stores, application of caffeine (10 mM) clearly evoked Ca 2+ release in spermatogonia, pachytene spermatocytes and round spermatids ( Fig. 4D-F) . The response to caffeine was dosedependent as demonstrated in a mixed population of germ cells, obtained from 30-day-old mice, and stimulated with caffeine at different concentrations from 1 to 10 mM (Fig. 5) . Similar results were obtained using ryanodine as agonist at concentrations known to activate the channels (4-10 µM) indicating that the observed Ca 2+ release undoubtedly occurred through RyRs (data not shown). Moreover, to answer the question whether any Ca 2+ mobilising stimulus requires an increase of extracellular Ca 2+ , we stimulated non pre-loaded germ cells with ATP (100 µM) and we did observe calcium transients (data not shown). Overall these data are in line with the notion that RyRs can be activated under conditions of increased Ca 2+ loading of intracellular stores.
Inhibition of RyRs by ryanodine affects spermatogonial proliferation and differentiation
After detecting the presence of RyRs in testicular germ cells and having obtained proof that these channels were functionally active, we addressed the issue whether germ cell proliferation and differentiation could be influenced by interfering with RyR activity. For these experiments we used cultures of immature testicular fragments in the presence of high concentrations of ryanodine, which are known to block the RyR channel activity (Meissner, 1994) . Ryanodine can act as both an agonist or an antagonist of RyRs, depending on its concentration. It is accepted that below 10 µM, ryanodine activates RyR channels whereas at concentrations higher than 100 µM it alters channel's conductance by locking it in a closed state (Buck et al., 1992; Meissner, 1994) . Initially, we
Journal of Cell Science 117 (18) RT-PCR analysis of RyR2. Using isoform-specific primers, a single 635 bp product was identified in 7-day-old testis (T7) and in an enriched (approximately 60%) population of spermatogonia (spg*), but not in highly purified spermatogonia (spg) and in Sertoli cells (SC). Lane marked '-' is the negative control. investigated in our system whether the treatment with high doses of ryanodine resulted in the block of RyR channels. As shown in Fig. 6 , germ cells that were preincubated with 300 µM ryanodine for 1 hour were unable to respond to caffeine, whereas non-pretreated germ cells retained the ability to release Ca 2+ . This type of pharmacological approach has been used in several studies to prove the involvement of RyR channels in different cellular functions (Ferrari et al., 1998; Ferrari and Spitzer, 1999; Pisaniello et al., 2003) . Therefore, we asked whether administration of high doses of ryanodine could affect two major events that are peculiar of the early phases of spermatogenesis, i.e. spermatogonial proliferation and progression towards meiosis. Testicular fragments from 7-day-old mice were treated with 100 µM and 300 µM ryanodine in the presence of 20 ng/ml FSH, which is necessary to maintain the progression of germ cell differentiation. After 72 hours of treatment, testicular fragments were fixed, sectioned and tubules containing BrdU-labelled spermatogonia were counted. Spermatogonial proliferation was assessed by evaluating the percentage of tubules containing more than five BrdU-labelled spermatogonia (Fig. 7A) . Spermatogonial progression through meiosis was evaluated by counting percentage of tubules with more than five meiotic cells (mostly leptotene-pachytene primary spermatocytes) recognized by morphological analysis (Fig. 7B) . The results showed a significant gradual reduction in the number of proliferating spermatogonia and a significant increase in the number of meiotic cells when testicular cultures were treated with FSH and ryanodine compared with those treated with FSH alone.
No effect was seen when low (4 µM) concentration of ryanodine was used (not shown).
Morphological analysis and germ cell apoptosis assessed by TUNEL assay allowed us to exclude an nonspecific cytotoxic effect of ryanodine on germ cells. The specificity of the ryanodine effect was further tested by culturing testicular fragments in the presence of FSH and the membrane permeant 8-Br-cADPR, which acts as antagonist of cADPR, the endogenous ligand of RyR channels. A similar effect to ryanodine on spermatogonial proliferation and differentiation was observed with 100 µM (not shown) and 300 µM 8-Br-cADPR (Fig. 7A,B) . In the absence of FSH, ryanodine did not affect either spermatogonial proliferation or meiosis compared with control cultures (MEM alone), suggesting that the observed effects were strictly dependent on the presence of FSH. The possibility that high doses of ryanodine per se could activate FSH signalling was ruled out by the evidence that extracellular cAMP levels produced by isolated Sertoli cells under FSH stimulation were similar with or without ryanodine (data not shown). To analyse the kinetic of RyR block-dependent events, testicular fragments were cultured for 24, 48 and 72 hours after addition of 300 µM ryanodine (Fig. 8A,B) . The results demonstrated that the increase in meiotic cell number already occurred after 48-hour treatment while the reduction in spermatogonia proliferation was observed only after 72-hour treatment. 
Discussion
The aim of this study was to investigate the expression, functional activity and the potential role of RyRs in spermatogenic cells. We provide direct evidence that spermatogonia express RyR1, but not RyR2 and RyR3, and that the receptor is indeed functional ryanodine sensitive calcium channel. Moreover, we demonstrate that RyRdependent Ca 2+ transients appear to interfere with spermatogonial differentiation. In fact, by blocking RyR channels with high concentrations of ryanodine in in vitro cultured fragments from immature mouse, we revealed a reduced spermatogonial proliferation and accelerated maturation of early meiotic cells. Interestingly, inhibition of Ca 2+ mobilization achieved by treatment of testis fragments with 8-Br-cADPR, the membrane permeant antagonist of the physiological RyR ligand cADPR, resulted in significant reduction in spermatogonia proliferation and enhanced meiotic progression similar to those observed after treatment with high concentrations of ryanodine. The organ culture of immature testis used in this study represents a very powerful, and at the moment, the only experimental model to investigate the mechanisms involved in full premeiotic germ cell development until meiotic onset (Boitani et al., 1993) . In fact, despite the very poor survival of spermatogonia after isolation, the organ culture system allows the maintenance of the architecture of the seminiferous epithelium, particularly preserving the interactions between germ cells and Sertoli cells. The possibility that germ cell loss by apoptosis was responsible for the decline in BrdU-labelled spermatogonia can be ruled out on the basis of overall good morphology of the seminiferous epithelium and because the TUNEL assay performed at the end of three days of culture in the presence of ryanodine did not detect any testicular cell degeneration. Furthermore, the finding that the ryanodine/8-Br-cADPR treatment induced a concurrent significant increase of the percentage of tubules with meiotic cells stands in favour of the lack of any toxic effect of high doses of ryanodine/8-Br-cADPR used to block Ca 2+ release from intracellular stores. The two events affected by RyR blockade appear not to be temporally correlated as the effect of ryanodine upon spermatogonial proliferation was observed after 72 hours of treatment, whereas the effect upon meiosis began to appear after 48 hours and was maintained afterwards. These results suggest that RyR inhibition interferes independently with both mitotic and meiotic phases of spermatogenesis. Accordingly, cell proliferation was inhibited in favour of an increased stimulation of melanocyte pigmentation in human melanocytes cultured in presence of ryanodine (Kang et al., 2000) . In addition, our findings demonstrate that ryanodine effect is direct upon germ cells and is not mediated by Sertoli cells as the somatic cells of the tubules do not express any of the three RyR isoforms. However, it is interesting to note that the effect of ryanodine was observed only when testicular fragments were cultured in the presence of FSH, which controls spermatogonial proliferation and differentiation (Boitani et al., 1993) by acting on Sertoli cells that are the only cells expressing FSH receptors in the testis and responding to the gonadotropin by secreting a number of factors that regulate germ cell maturation.
Transients evoked by RyRs have been shown to be involved in cell differentiation mechanisms in excitable systems, such as skeletal muscle cells and neurons. Indeed, normal in vitro and in vivo differentiation of Xenopus myocytes has been shown to be strictly dependent on RyR activity and Ca 2+ transients (Ferrari et al., 1996; Ferrari et al., 1998; Ferrari and Spitzer, 1999) . More recently, it has been demonstrated that the activity of RyR channels is required for foetal murine myoblast differentiation because the selective block of RyR results in the inhibition of the differentiative program (Pisaniello et al., 2003) . In the intact mammalian cerebellum as well as in neuronal cultures it was also observed that changes in RyR expression resulted in functional changes in Ca 2+ signalling transients during normal neuronal development (Mhyre et al., 2000) .
The molecular mechanisms underlying RyR activation and Ca 2+ release in germ cells remain to be clarified. On the basis of the data on the effect of 8-Br-cADPR reported in this study, one possible candidate that might be involved in modulating RyR function is cyclic ADP-ribose (cADPR). This molecule, discovered as an endogenous activator of RyR in sea urchin eggs (Clapper et al., 1987) , is produced by the ectoenzyme CD38 in several cell systems (Barone et al., 2002; Khoo and Chang, 2002) . It is worth mentioning that we observed that spermatogenic cells expressed a higher molecular weight isoform of CD38 (data not shown), thus suggesting that cADPR might be synthesized by this ectoenzyme in testicular germ cells.
Another interesting finding of this paper is the expression pattern of three RyR isoforms in germ cells at more mature stages of differentiation, including pachytene spermatocytes and round spermatids. We report here that RyR1 and RyR3, but not RyR2, mRNAs are present in these cell types, in agreement with previous in situ hybridisation data (Giannini et al., 1995) . The low abundance at which the RyRs are expressed in male germ cells with respect to other tissues has been an obstacle to their functional characterization. We did succeed, however, in demonstrating a caffeine-dependent Ca 2+ release in germ cells under conditions of increased extracellular Ca 2+ , which are known to enhance the sensitivity of the channels, therefore making them susceptible to activation (Mironneau et al., 2001; Mironneau et al., 2002) . In contrast, epididymal spermatozoa from mouse (present findings) as well as bull (Ho and Suarez, 2001 ) did not contain any RyRs. Moreover, rat spermatozoa failed to release Ca 2+ following stimulation with caffeine and ryanodine, even though they were responsive to Ins(1,4,5)P3 (Walensky and Snyder, 1995) . Further support to the idea that RyRs are not crucial for reproduction is based on the finding that RyR3 knockout mice show normal spermatogenesis and fertility (Komazaki et al., 1998) , while the lack of RyR1 results in early postnatal death of the animals (Takeshima et al., 1994) .
In conclusion, our results demonstrate that germinal RyRs are able to function as Ca 2+ release channels and they may play a role during the onset of spermatogenesis. RyR1 presumably contributes with its Ca 2+ signalling in regulating the transition of spermatogonia from a proliferating phase to meiosis, and both RyR1 and RyR3 might act in advanced developmental phases.
